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1. INTRODUCTION

Neurological soft signs (NSS) are subtle indicators of brain dysfunction. NSS have been
found to be elevated in a variety of mental disorders, including post-traumatic stress
disorder (PTSD), but they have scarcely been studied in TBI. The present study
measured NSS in the acute aftermath of a mTBI and evaluated the ability of NSS to
predict subsequent postconcussive symptoms.

2. KEYWORDS

Mild traumatic brain injury, concussion, neurocognitive disorder, post-concussive
syndrome; neurological soft signs.

3. OVERALL PROJECT SUMMARY

Human subjects approvals were obtained from the Partners Health Care System and
the Spaulding Rehabilitation Hospital Institutional Review Boards (IRBs) and the
Department of Defense IRB. The performance and recording of the neurological soft
signs (NSS) examination was rehearsed, and all necessary questionnaires and
instruments were collected. Methods of encryption and safe transport of the video-
recorded data to off-site consultant Dr. Gurvits, the originator of the NSS battery in
current use, were developed and rehearsed. Recruitment strategies were developed
and implemented in the Emergency Department at the Massachusetts General Hospital
(MGH ED). Subiject screening and enrollment began in September of the 01 year
(month 4). 99 subjects were screened MGH ED leading to 21 viable subjects that were
enrolled. Four subjects were subsequently excluded. The remaining 17 enrolled
subjects successfully completed all three study visits (96-hour post-mTBI, 1-month post-
mTBI, and 3-month post-mTBI) including neuropsychological testing and
guestionnaires. All video-recorded data was encrypted and scored by our off site
consultant, Dr. Gurvits, the originator of the NSS battery in current use, and
subsequently analyzed. We received a no-cost extension from May 20 to November 19
in order to complete and sufficiently analyze our original enroliment targets. A
manuscript is currently in preparation.

Group mean average NSS scores at the three assessment periods are shown in Figure
A. As predicted, these scores were elevated at Visit 1. They declined at Visit 2 and
stabilized at Visit 3 (F(2,32)=20.3, p<0.001). A similar pattern was seen for the average
of the six most impaired signs (the NSS-6). Group mean scores on the Beck Depression
Inventory (BDI) are also shown in Figure 1. In contrast to the average NSS scores, BDI
scores did not show an overall decline over time, with a drop-off in score seen only at
Visit 3. See Table A. in the Appendix for a Spearman rho correlation matrix of all
variables. Contrary to prediction, the average NSS-45 score at Visit 1 did not
significantly predict any of the four key outcome measures at Visit 3, viz., self-reported
post-concussive symptoms on the BC-PSI or RPQ, functional impairment on the MPAI-
4, or overall neuropsychological impairment (NCI), (all p’s <0.39, n.s.). Neither did Visit
1 BESS scores significantly predict any of the key four outcome measures (all p’s <



0.39, n.s.). The correlations between avgNSS-45 at Visit 1 and BESS scores at Visit 3
were high (p=0.65, p<0.01); indeed these two measures inter-correlated highly at each
visit (all p’s = 0.55, p<0.05), suggesting that the NSS battery and BESS reflected a
common underlying functional neurological domain. However, when the subset of NSS
measures that were elevated beyond the mild range (=1.5/3) at Visit one (avgNSS-6)
were correlated to Visit 3 outcome measures, significant associations emerged for the
BC-PSI and RPQ but not for the MPAI-4 or NCI. When the 4 factors underlying the RPQ
were analyzed separately, it was clear that relationship between avgNSS-6 at Visit 1
and overall RPQ at Visit 3 was driven primarily by the cognitive factor (RPQ-C, p=0.57,
p<0.05).

In contrast to the only partially significant predictions of outcome obtained with the NSS
measures, the BDI-Il was consistently associated with outcome, with moderate effect
sizes obtained on all four measures (all p’s=> 0.52, p<0.05). A parallel pattern was seen
with PCL-17 at Visit 1 as the predictor of outcome (all p’s=> 0.48, p<0.05). The
correlations between BDI-Il and PCL were very high at each visit (all p's> 0.77),
suggesting that these instruments reflected a common underlying psychopathological
domain.

4. KEY RESEARCH ACCOMPLISHMENTS

e Employed an aggressive recruitment strategy to successfully obtain key clinical
indices in the very acute period (within 4 days post-injury) allowing for the
successful capture of a rapidly evolving phenomenon.

¢ |dentified the most sensitive NSS signs (e.g. heel-walking) which have potential
for a bedside, on-field, or battlefield assessment tool.

e Validated the finding in the existing literature that early affective markers are
strong predictors of poor outcome in mTBI.

5. CONCLUSION

The findings of this pilot study add incrementally to the body of knowledge on factors
that predispose head -injured individuals to poor outcome three months after incurring a
mTBI. These and related findings could both inform screening strategies designed to
identify at-risk civilians and Service members prior to injury occurrence, in addition to
developing reliable and practical tools for symptom monitoring that could inform return
to play/work/duty decisions. A manuscript is in the final stages of preparation for
submission to a peer-reviewed journal.

6. PUBLICATIONS, ABSTRACTS, AND PRESENTATIONS:
a. Greenberg, MS; Wood, NW; Spring JD; Gurvits TV; Nagurney JT; Zafonte, R; Pitman

RK. Neurological Soft Signs and Psychological and Postconcussive Symptoms
during Recovery from Mild Traumatic Brain Injury, in preparation.



b. Poster Presentation and Abstract Publication at Society of Biological Psychiatry 68"
Annual Scientific Convention, May 16-18, 2013, in San Francisco, CA:

Greenberg MS, Wood NE, Spring JD, Nagurney JT, Zafonte RD, Gurvits TV,
Pitman RK. Neurological soft signs in mild traumatic brain injury. Biological Psychiatry
2013:73: 208S.

7. INVENTIONS, PATENTS AND LICENSES
Nothing to Report

8. REPORTABLE OUTCOMES
Nothing to Report

9. OTHER ACHIEVEMENTS
Nothing to Report

10.REFERENCES
Nothing to Report

11. APPENDICES

List of Study Personnel
Nagurney, John - Co-l
Parry, Blair — ED Supervisor
Zink Thielker, Korie -Screener
Callahan, Ryan - Screener
Danh, Sandy - Screener
Hansen, Paul - Screener
Howell, Melissa - Screener
Mooncai, Theodore - Screener
Rubin, John - Screener
Pruzansky, Alix - Screener
Zafonte, Ross — Co-l
Frazier, Judith - Coordinator
Purohit, Maulik - Co-I
Pitman, Roger — PI
Greenberg, Mark - Co-I
Spring, Justin - RA
Wood, Nellie — RA




FIGURE A

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Day 4

Day 30

Day 90

M Avg NSS
m BDI-1I+ 10




TABLE A

Spearman’s rho Comelations

A E C D E F [ H 1 J K L M N [+] z Q R 5 T u W w X ¥ as | B8 | cc | oo | EE | FF | e | HH | 1 4 | kK | 1L
A NSS_AVG_A 1000|8317 | -111| 24| 067| 200 | 005|-346|-D32|-171| 6997 | 7067 | 522 351| .407| 411 4e2| .337| 304| ooo| 047 | 7407 4| 30| 271| 37s| 385| 83| a4ss| 72| -143| 255 3o e4sT| e aes| ase| -as0
B NSS_AVG_BIG_6_A |.3317|1000| -085|-012| -157| 186| 073| -125| .125|-002| S98°| 6107|6847 35m| .42s| 3mz| sse’| .3s0| 347| 134 201 | 4ae| 82| 202 30| 516°| sa07| 33| se9| 216| .oe4| .44s| 3o0| s0e7| 48| 332| 91| Dss
C BC_PSLA -111| -055|1.000 | 7747| 384| 3532|5137 6507 | 400| 472| -054| D32|-pas| 2o0| ool -149| 260| sS267| 13s| 307| 4oo| oze| 39s| 283| 39| -pos| 4s6| 4ss| ovo| 3vz| oDoo|-cis| 71| Des| 079 -026| 348| 436
O RPQ_total A .o24( -o12| 7747 [ 1000 | 5647|6527 | 5307|6427 | 315 .401| 085 -po3| oos| 40| 25| -o34| 208 ses7| 27| 23| 3zs| 2e3| 3ve| 215| 343| | 245| 237| .13s| 5727| 19| o19| 246| 320| oes| oee| ss5T| 2
E RPQ_somatic_A 67| -157| .384| =54"|1000| 214| 051| ps4|-p32|-Dss| 143| 1E1| oS2| oe4|-pa3| -1sp| oo1| 182|-132(-273|-D67 | 401| 096| 359| 49| -204|-476| O70| -297| D4 | -247|-199| -256| 270 |-267| -172| Dos| -mao
F RPQ cognltve A 2o9| 138| .3s3|ss2”| 214f1oo0| 33| 2o0| assl| 312| a1e| aev| 0w oo sea’| 430| ava| s57| sve’| 20e| zes| ez s33| amee| 7| zeo| ss¢| 72| mmo|.enat| 3ze| aod| sos’| se3’| 4ps| soofem;”| 23
G RPQ_emational_A 005 .-:|?3|.E13'|.-53|:' .-:|a1| .1E3|'.I:-:ID .:35| .2?3| 258 -.-:|13| -.1E5| - 473 .23|:| oz | -7 .-:||:us| 3.1_| - D42 .zsz| .2-1-:|| oz | 148 .-Jsz| 23| -m22 .-Jsl:| nz3 .-1?| .as.1| -.nsz| - D53 -.|:1s| .|:--uz|-.|:55 -.-:|41| .3DE| 256
H RPQ_visaud_A -.348 -.125|.Esn'|.-54:' .1-:|4| .2|:|:| 439 1_-:||:.|:| .3|:r| A3T -.JFEl -.1:?| £30 .22£| -02z2| -280 .-:|95| .3[:-:|| A04 .29|:| 2T | -378| 014 .-:|9-| 386 107 .-:|s-| [DES -.|::|:u| .322| .33:| - D43 .z=s| -.125|-.|:2: .-:|41| .3DE| a0z
I PCL_A -032| 12s| .4o0| .315| -033| 68| 273| 301 |1.000|.8197 | -004 | -007 | 173| 44s| 463| 282| S5317| 5697| 351|607 | 687 | -227| 6287 | 038| DE2| ST1| 4847| 414| a19| s5257| .4sa|.7127| s47"| 220| S787| 5167 s087| .47
J  BDI_A_tatal -A71| -o0z | 4vz| 401| -085| 32| =258| 437 |.8197 |1.000| -231 | -89 | -432| 5227| 45| .eme| s207| Ese”| s00T|.7es” | .eMe”| -z8a| 5257 -2 -q32| 5547 s207| 4esT| 351 sesT| .4vs| eaqT| szo7| ove| sa2| 3ev| sest| sve
K BESS_9 grandiotal_a | 699 | 596°| -054 | 085| .143| 41%|-013| -376 | -004 | -231|1.000 | 7087 | 458| 210 442 73| avz| .233| o7s|-o0vz| pas|o7247| .e0z| se17| 4e2| 37| 3s7| 205 291| ooe|-ose| .cea| 1es|.e397| 33| oes|-Di6| D06
L NSS AVG B 705 [ 610 | .o3z|-po3| 81| 97| -18s| -107| -007|-189| 7oe” | 1000 | 6537| 1s2| 28s| 248| a01| 189 -miz2|-118| -o0s| s4s’| 216|.7Ea7| sev| 1ss| 223l 08| 2ov|-o71| p2e| wo7| oe9|sasT| 12| aoze|-111] oss
M NS5 AVE BIG 5 B | 522 .554'| -.DEE| £04 .-:|52| .|:m|-.-?9 .-:|3|:| .1?3| -132 .:SE|.553"|-.|:-:|-:| .1-u| B 322 .352| .n.19| £33 -.1s-| .n-a| 23| a7e .:55| s55 | a3 .2?3| 083 .3-a3| .-:|s.1| .2?3| A35 .N?l .-us| 263 .297| .D1E| -0g
N BC PSIB 35 .359| .25[:| A0 .-:|a-1| .-u:l:| 230 .22£| 445 | 22 .21[:| .152| 147 1.-:IDI:|.E:4" &8 .83:'|.Es3"|.-553" .73-:|'|.Ess"| R - .213| 243 | 572 .77:'|.?57" .-53[:_|.EE:-| .39.1|.-52|:' .59?'| .3ss| - .GH_|.EE:-| o84
o RPG_tofal B 407| 426| 130 256 -0s3| se37| oeo| -o22| 4es| 4387| 242| 288 180|.m4s7| 1000|8437 2997 Beg” | 7esT| 7237|727 | 83| .8%27| oo o7a|.7TDT| 9477 BT 70T 6717 4B8T| 8007 | TeS | 4Tn|T4sT|.v4aT [ ET1T| =218
P RPQ_somatic B 11| 382| -148|-034| -150| 430 |-217| -280| =282| 138| 373| .243| .322| 6187| .6437|1.000| 7337| 5407|7207 24p| 460 | 067| 5767 | -016|-021| 776" | 8007 | 7297| A0aT| 60a’| 5427 7357|7607 | 30E|.8137| 8117 s887| pos
O RPQ_cognitve_B 4g2| 5587 .2e0| 2es| oo1| 4v4| pos| ose| s317| s avz| 30| sz st .sie”| 73T (1ao0| BsTT|7sTT|ee8T|LiTET| 219|887 o3| sz .7eeT|.eis”| 05T 8067|6737 | 4077|7537 7edT| 4T | 73| .vvsT | eEvT| =227
R RPQ_smatknal_B 337| .3s0| 28| mee| 142| 5187 24| 300 5697|.ss67| 233| g2 peo|.ms3T|.eeg”| se07| 8577|1000 | 7247|7787 | 798| .218| 8187 | 20| 081|890 |.s2aT|7ReT| 7027|7227 | 336 5487|667 | 34| 5T |.e33T 7197 4
5 RPQ visaud B s0a| 3av| a3s| ovs| -3zl sve’| -paz| o] 3sel soo'| oval|-piz| oes| eeaT| vee | 72o”| 77| 7247 |vooo| sse'| ses | pez| si8 | -208|-183| aet | ve1 | &3 | 7aa | vos | 3e0| essT| eea | 11m| @11 | 653 | 7as | zea
T PCLE 009 .134| .3[:7| 213 273 .2I:E| 282 .29|:|.E~;?'|.?6£' -.-:IF!l -.1-a| -151 .73-J'|.723" A4 .sEa'|.7?s"| =50 1.-:IDI:|.EL5"|-.2E5 N -.1FE| -135| 8527 | 7247 | men” .561'| .57-:|'| .4FE| a7 .s?E'l .|:|35| 520 .Gﬁ_| .seg'l 319
U BDM_B_total 047 .2-:|1| .d[:[:l 325 -.-:Ii?l .2EE| 240 .2?-|.Ea?'|.a1E' .-:I3E| -.DI:5| o5 .ssa'l.r?z" 430 .FTJ'|.793"| 555 .3-15'|1.|:||:-:||-.1|:-5 855" .-]3[:| osa | 518 .712'|.724" .ssn'l .sl::'| .dEa'l.?DT- .533'| .23E|.-544' .53-'| .6|:-:|'| 386
¥V BESS_9_grandtotal B | 7407| 46| 26| 23| 40| 12| oee| -37e| -227|-289| 72eT| 5467| 239| aee| .183| @7 | 219| 216| paz|-285|-106 |1.000| 225| S32| .208| -0s4| 086 -o70| 133 -ooz|-s02”|-140| -113| 6377 | -ooa| 198 | -pes| -os3
W MPALS fotal B 314| 342 396| a37e| 096| 5337| e8| 014 | 6257 |s25T| 4o2| 216| 75| 7o | .eaz”| 57| BEAT| B1E”| G187 | 537 | 8557 | 225|1.000| 91| 67| .6207 | 8237 | 7237|6767 | 6627 | .438|.7157| .6487| 5307| 7327|6207 | e627| 285
¥ NSS_AVG C 43| =2ez| 63| =2:15| 359 oee| osz| 01| o3E|-126| s617|7887| 4s9| =213| ooof -me| 03| 21| -208(-a76| B0 | 5337 .99 |1.000|.B067| -.401) -045| -000| -099| - 160 | -170 | -091 | -f08| 552°| -114| -238| -206| D41
¥ NsS_ave 816 5_c | 27| 33o| .ol as3| 2g| a7e| 230 3ee| oe2|-s3z2| .esz| se7| sse| 242| o7s|-031| ez| 0ot |-1s3|-13e| ooo| 298| 67| .2087|4.000| -030( 03s|-oes|-poz| oo2| oes|-oso| oss| 4se|-pis| -093| -p32| -pse
Z BCPSIC amal| 5167| -oo9| .118| -234| 300 -p22| qo7| s7i7| ss47| 37| aes| 238|672 | 77| .7ve” | .7ea | €90 | 8617|6527 | 6197 | -ps4| 6207 | - 108 | -D3a| 1000|8377 | 7177 | man | 7247 | se2’| msa”| ez | 2i1|8s3T|mma| 77| 7
AA RPO_total_o _385 .5.u:'| .1EE| 245 -.1?5| .539'| 080 .-]6'| ..us:'l Ei) _asr| .223| 273 _7:;'|.5;7" ao0” .9'9_|.E2d"|.?8'" _72:'|_:;2"| &5 | 523" -.-stl 035|837 1.-1|3|:|.E?1" .a?-'|.551'| .sEa'l.?35' .335'| .-i.1E|.'.-‘65' .sna'|.EEa'| a1
BE RPQ_somatic_C 183 .334| .1EE| 237 .-:|?n| .372| 023 .-]3E| .-ml As5 .znsl .1|:~;| 033 .75?"|.E?1" - .3:5'|.7?3"|.-53-" .659'|.724"|-.n7-:| J237 -.-:IQ[:l -0B3 | .T177 .371'|1.|:||:-:| .-53E'|.7|:a'| .sas'l.-ss-' .sss'l .225|.-533' .3[:2'|.7|:2'| 230
CC RPQ_cognitve_C .465| 560°| .o7o| .138|-297| .38%| 17| -040| 419 351| 201| .207| .283|.6307|.7807| .3047| 806" |.702" | 7447 | .5617| 550°| 133|576 | -099| -D03 | .8407 | .&717| 6387 | 1.000| 625" | 5077|7487 | 8177 | 253 | 7717|827 | 6187 | 284
DD RPG_emational_C A72| 28| 37zl 57| 04| 23| as4| 3zp| s257| sa6T| ooe|-07i| osa| .seaT| &74T| E047| 6737|7227 | 7oET| 5v07| B047| -402| 5627 | -160| oo2| . 7EeT|.6817| 708" 6257 | 1.000 | €217 | 8407 7477 | 232 | sv07| .13 130
EE RPQ_visaud_C -143| 084| .00%| .19 -247| 328 |-psz| 332| .454| 475|-086| 028| 273 3m4| 4687( s427| 4077| 335| .350| 47| 484 [-502°| .438|-170| .OBS| S92’| 583 5457 5077|6217 |1.000| E0S|.6407| 148 | 5507|.Te4T | 616 | 08B
FF PCL C 255 saa| -pra| 19| -109] 201 -0se| -043| 7127 so1"| ose| o71| a2s| sooT| sen| 73sT| 7s37| sas’| sssT| sev'| vov| -140] 7157 | 0ot | -nso| asa”| vae | &517| 7a8 | Ban” | s0s |1ooo| 7er | zio|see | 11| s3n | 23
GG BDI C total RS .39n| .1?-| 248 -.zssl .sn-s'|-.|:1s .2-uz| .5-1?'| 21 .145| .DEQl 337 .597'|.?-55" T80 .?E:'|.Ea?"|.a54" .er'l .ssa'|-.1-a 48 -.1|:|5| LEEY T .s:ts'l.Eas" .a1?'|.?-?'|.|5:-:|'|.?57' 1.|:-:|n| .1?|:|.9|:||:|' .st:-:l'|.7-?'| 304
HH BESS 9 grandiotal_C | 5487 .5:-1'| .DEEl 329 .z?nl .ssa’| D48 -.125| .22[:| o7 .339_|.E3-l"| A4s .assl 473 .zas .:73| .35:| A1g .-:ISEl .23-5|.EJ?' S300 .ssz'l Az 21 .:1E| 235 .253| .232| .145| 20 .-?n|1.|:||:||:| 445 .1|:u5| .222| -.100
I MPAIS_fotal_C 81| 345 .ove| oes|-257| 408 | -pss| -o24| s7E| s32| 3e| 092 28| sveT|.ovasT|.m3T| 73| ss7| a7 520 | e | -oga | 7327 -4 | 018 | as2T | vesT| 6337 7veT | 6707 | 5507|8867 eo0” | 146 1000|7437 [ eE5T| 218
JJ IED_CM_C 185| 332| -026| 0466 |-172| 200 | -0De1| 041 s18°| 397| .0e6| .026| 297|635 | 748”| 8117|7757 | 633" | 6537 | 6357 | 5817 | -.108| 5207 | -238 | -pu3 | 8287 | s08” | .802”| 27" | 7137 | 7147|8117 | 800”7 | 1106|7437 | 1000|7177 | 188
KK DSM_IV_C Asa| | zse| ss5| oss|e2i”| 08| oe| s087| =360 -0 | -1 | s | .eeeT|e7aT| sas”| eevT| Tie” | 72| 56w | 5007 | -0es | 5627 | -206 | -032( 7177 | eesT| Ta2"| S487T| eee” | g157 | 8307|7177 | 222 |see”| 7177 (100 157
LL NGl ~160| .084| 436)| 291|-010| 123 | 66| 302 | 467 | 575 | 006| .065|-013| 0s4| 215) 009| 227| 441) 83| 315| 365)-053| 285) 041|086 347| 32| 2o0| oa4| op| .oos) 23a| 394|-qo00) 346| ass| 457) 1000

. Correlation Is significant at the 0.01 level [2-alled).
". Comelation Is significant at the 0.05 lewel [2-t3lled).






